A versatile four-electrode single-channel system is described which is useful for precise research measurements of mirror patterns on the intact human subject, and the theoretic significance of results obtained on normal subjects for the QRS complex is presented in detail. It is concluded that the QRS complex at all points on the body of normal human subjects, including the precordium, can be considered to arise from a fixed-location equivalent heart dipole to an average accuracy of 5 per cent. Therefore, the "proximity" potential concept is untenable for the normal QR8 complex.
T HE degree to which electrical activity of the human heart may be represented by a dipole has been an important issue in electrocardiography for the past half century. The question of relative "electrical remoteness" of electrodes placed at various points on the body surface has often been debated, and, in particular, whether "proximity" potentials' (owing to physical closeness to the heart) on the precordium are real or apparent.2 An associated question attending the dipole hypothesis concerns the degree to which the dipole location remains fixed during heartmuscle electrical activity. Despite their importance, these questions are unresolved to this day. However figure 5 , with electrode 4 on the precordium directly over the heart. With the 1-2 potentiometer set to position a1 (mid-position), a location of electrode 3 somewhere on the back Assumptions in addition to the fixed-location dipole are obviously required to develop a complete theory for the human heart-body electrical system, since the medium characteristics play an important role, and these assumptions must not be contrary to known observations. It is reasonable to assume that the conducting medium is finite and has a boundary shape the same as that of the human body; that the fixed location of the equivalent heart dipole is not restricted to any particular point within the chest, since it is to be expected that different individuals will have different heart locations; that the medium is not necessarily homogeneous but, for simplicity, it is assumed to be linear and resistive. None of these assumptions violate the prediction of cancellation. However, the existence of cancellation does not validate these additional assumptions. For Ill terms of this hypothesis, the cancellation coefficient gives a measure of the maximum percentage error with which heart action may be described in terms of an equivalent dipole.
It gives a maximum limit because several factors in addition to the nondipolar behavior of the heart contribute to the measured residual voltage. For fig. 1 shown in figure 7 , and Vb = Cb.p.
The potential difference between points a and b, the sliding taps of the potentiometers, is measured by the arrangement shown in figure 1 and perfect cancellation is defined as the condition under which this potential difference is zero during a given complex. In general, it may be seen in figure 7 that Va -Vb will not be zero. However, it is obvious from figure 7 The geometric interpretation of cancellation presented here is an exceedingly helpful viewpoint which gives insight into the three-dimensional nature of the cancellation search conditions, the way in which the variables enter into the experiment and the significance of the potentiometer settings. It is also helpful in the interpretation of the behavior of the four-electrode system; for example, in understanding why some cancellations are more sharply defined than others. A knowledge of the dipole component behavior of the subject under test is also helpful. However, despite its usefulness as an aid for procedures and reasoning, the geometric interpretation in terms of vectors is not an essential aspect of the theory since the entire matter may be expressed in terms of algebraic equations of the type given in equation (1) .
It may be seen from the theory which has been presented that the existence of cancellation depends in no way upon the location in image space of the coincident points a and b with respect to the dipole mid-potential point 0, contrary to the claims of Schmitt and associates.3 This is also emphasized in appendix III where the preamplifier commonmode rejection characteristics are seen to be related to this independence of 0. It may also be seen that the medium shape and inhomogeneities do not prohibit the attainment of cancellation since the theory applies for any medium shape and for an inhomogeneous medium. In addition, if the location of the dipole moves with time, it is obvious that complete Preamplifier. The preamplifier is a differential amplifie r direct-coupled to the electrocardiograph.
The high ratio of cathode return to plate load enables considerably more common-mode rejection than found in commercial electrocardiographs; this is necessary to minimize 60 cycles per second interference at the higher amplification provided. The low-frequency response of the preamplifie r is down 3 decibels at 0.05 cycles pea ' second , while the highfrequeincy r esponse is constant to at least several thousand cycles per second. The overall highfrequency response is limited bythe electrocardiograph, in particular the galvanometer, wthich in a Sanborn Viso Cardiette is down 3 decibhels at about 60 cycles per second. The 1K BALANC E control is used to equalize the output plate-to-ground voltages, while the 50K LEVEL control is used to set the direct potential of the output. This should be set for ground potential with the GAIN control set at maximum. The BALANCE adjustment is far more critical than the LEVEL, but rematins stable over a period of several hours provided the batteries are stable an d the 12AY7 is a selected, 
